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Abstract

Studies on physicochemical properties of [-arginine/I-histidine in aqueous solutions of betaine hydrochloride are beneficial in understanding
solute-solvent interactions. The densities, p, ultrasonic speeds, u and viscosities, n of l-arginine and [-histidine in water and in aqueous-
betaine hydrochloride (1 % and 2 % betaine hydrochloride in water, w/w) solvents have been experimentally measured at six temperatures
(293.15, 298.15, 303.15, 308.15, 313.15 and 318.15) K and at atmospheric pressure in nine different concentrations. Related molecular and
thermodynamic properties like the apparent molar volume, V,, limiting apparent molar volume, v and transfer volume, y¢, were also evaluated in
this study using density data. Likewise from the ultrasonic data, different thermo-acoustical parameters, such as apparent molar compressibility,
K., limiting apparent molar compressibility, k;, and transfer compressibility, x?,, have been evaluated. The trends in transfer properties have
been interpreted in terms of cosphere overlap model. In addition, the rheological data have been used to determine Falkenhagen Coefficient,
A, Jones-Dole coefficient, B, free energy of activation of viscous flow per mole of solvent, and Ax** solute, Au;”, entropies, As°* and enthalpies,
AH®* of activation of viscous flow. Hydration number, n, has also been calculated. Different parameters such as nature of solute, solute-solvent
interactions, etc., were categorized by using different analytical and physical loom. The results show that the studied drug is a structure maker
compound in all systems of this work. The free energy parameters indicate the formation of transition state in the presence of amino acids. The

solute co-solute interactions are strongest in the system containing /-arginine.

Keywords: Density; Ultrasonic Speed; Viscosity; Kosmotropic Behaviour; Betaine Hydrochloride; Acoustical Parameters; Thermodynamic
Parameters of Viscous Flow; Electrostriction

Mini Review

macromolecules is unbelievable without being heedful of the
solvent environment as hydration by water molecules describes
a vital role in the assembly of the structure and dynamics of the
protein. Hydration of hydrophobic, charged atomic groups and ions
which are the constituents of practically every biological system
plays an important role in the stability of native conformations of
biopolymers [3]. Since most of the biochemical processes includes

The molecular basis of life rests on the functioning of biological
macromolecules, generally nucleic acids and proteins which are
also economically significant since they are arrayed as nutrition
factors and flavor enhancers at a large scale [1]. Nature has
chosen basic units of proteins i.e. amino acids that have biological
significance in living systems and plays many important functions
in maintaining life in the individuals [2]. In addition, amino acids
also play amajor role in the manufacturing of some pharmaceutical
drugs such as antibiotics, anti-HIV and cancer drugs.

volume change and hydration of biological macromolecules
in aqueous medium, the studies on various thermodynamic
and transport properties of biomolecules such as amino acids,

This also makes the research involving interactions between  peptides and sugars in aqueous and aqueous drug solutions may
biological molecules and other molecules of enormous importance ~ therefore, proves to be valued in medicinal and pharmaceutical
for quite a long time. The current cognizance of biological chemistry [4].
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Proteins, both in isolated as well as concentrated form, are
essential ingredients in many food processes, as they perform
many specific functions.
properties of properties is most important for the development
of noval food products by industry. Physicochemical properties
of proteins affect the behavior of proteins and processing in food
systems. Rheological parameters are necessary for aggregation
process, dough formation etc. The water absorption capacity (and
viscosity) of different proteins facilitate modifications in food
formulations. Changes in viscosity are used to evaluate thickening
influence of proteins which is of practical importance in soups,
beverages, fluid soups, etc. [5].

The determination of functional

The detailed literature survey reveals that the information
is scarce on volumetric, viscometric and acoustic properties of
betaine hydrochloride in presence of amino acids with positively
charged side chain. This fact prompted us to undertake the
measurements of these properties of [-arginine and [ -histidine
in presence of aqueous and aqueous drug solvents at different
temperatures. Investigation of various interactions in these
solutions is the main objective of these studies, which is still
unaware.

Betaine compounds are inner salts and occupy an idiosyncratic
place among organic substances. Free betaines have unusually high
melting points and are noteworthy for their high solubility in water
and insolubility in non-polar solvents [6]. Betaine hydrochloride
(BHC), a co-product of the carbohydrate industry, is a compound
of interest because of two reasons. The first one is the unusual
radiation sensitivity and other one is its frequent occurrence in
biological systems. It is the main component of complex lipids
and can also act as transmethylating agents [7]. BHC drug, which
is used as the stomach acidifier and digestive aid for the human
body, finds applicability in treating peculiarly low levels of thyroid
disorders, potassium, food allergies, yeast infection, diarrhea, hay
fever, etc. Conversely, more systematic studies are necessary to
collect the evidence to amount the effectiveness of the drug for
these uses [8].

Materials and Methods

Chemicals

Table 1: Specification of chemicals.

Amino acids consist of amino and carboxyl groups, along with
a side- chain specific to each amino acid. They provide useful
data about the nature of protein and the part of solvent structure
in the denaturation process. For that purpose, we have chosen
[-histidine, an essential amino acid and a non-essential amino acid
namely [-arginine that plays a significant role for the treatment
of cardiovascular disease as it is antiatherogenic, anti-ischemic,
antiplatelet, and antithrombotic.

As part of a comprehensive study of physicochemical
properties of drugs, present study embrace measurement of the
volumetric, acoustic and viscometric properties of [-arginine and
[-histidine in aqueous and aqueous-betaine hydrochloride. In
earlier contributions [9-13], we studied the properties of mixture
of amino acids and drug solutions. In this paper, an attempt has
been made to have an admissible information on the behavior
of amino acids in aqueous solutions of betaine hydrochloride by
measuring densities, p , ultrasonic speed, u and viscosities, n of
solutions of [-arginine and [-histidine in aqueous and aqueous-
betaine hydrochloride (1% and 2% betaine hydrochloride in water,
w/w) solvents at temperatures from 293.15 to 318.15 K and at
atmospheric pressure. Investigation of the derived parameters give
esteemed information vis-a-vis the intermolecular interactions
amid solute and solvent. Thus, keeping these considerations, we
have undertaken the present work.

The experimental results were used to calculate the apparent
molar volume, v, limiting apparent molar volume, y; and
transfer volume, ;,, apparent molar compressibility, x,,, limiting
apparent molar compressibility, «.and transfer compressibility,
«,,, hydration number, »,, coefficient A, coefficient B and dB/dT
have been obtained. Additionally, Gibbs free energy of activation
of viscous flow per mole of solvent, ,,+ and solute, Ax" , entropies,
As°" and enthalpies, ame* of activation of viscous flow have
been computed using transition state theory. The results have
been discussed in terms of competing patterns of interactions
persisting in the solute and the solvent.

Chemical Name (CAS Number) Provenance Purification Method Final Mass Fraction Purity
I-Arginine (74-79-3) SRL, India Re-crystallization >0.99
I-Histidine (71-00-1) SRL, India Re-crystallization >0.99

Betaine hydrochloride (590-46-5) Alfa Aesar Used as received >0.99

The amino acids used in the experiment were the following
from SRL India, [ -arginine and [ -histidine with reported purities
of 299 % were used after recrystallization from ethanol-water
mixture and dried overnight under vacuum at room temperature
for 72 h. Thereafter, these chemicals were stored over P,0, in

desiccator before use. The drug betaine hydrochloride with
listed purity 299 %, as per supplier specification, acquired from
SRL India was dried for about 24 h and used without further
purification. The purities and other specifications of the chemicals
used in this study have been indicated in table 1.
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The triply distilled water having specific conductance less
than 1x107° S-cm™ was used for preparation of binary and ternary
solutions. All the solutions were prepared with great caution in
glassvialsand in molal base concentration by weighing using single
pan five digit analytical balance (Model: GR-202R, AND, Japan)
with precision in weight up to +0.01 mg and closed tightly to avoid
contamination and evaporation. The standard uncertainties in the
molality of the solutions are found to be within +1x10~* mol-kg™.

Equipment and Procedures
Density and Ultrasonic Speed Measurements

The density and ultrasonic speed measurements of the
prepared solutions was carried out with density and sound
analyser (DSA-5000 M, Anton Paar, Austria) digital vibrating-tube
densimeter with reproducibility of +1X10-* kg'm™ for density and
+1X102m-s*for speed of sound. The instrument consists of a built-
in thermostat for maintaining temperature. The ultrasonic speed
measurement studies are important because of their extensive
use in textile industry, leather and pharmaceutical industry. The
standard uncertainties associated with the measurements for

temperature, density and ultrasonic speed were estimated to be
within £0.01 K, £0.05 kg-m~3, and +0.5 m-s?, respectively.

Viscosity Measurements

Multi-component systems rather than single component
systems are widely used in product formulations and processing
in many industrial applications. Amongst the various properties
considered in optimization and product and process design,
viscosity is one of the most important. The dynamic viscosities
were measured by using a microviscometer (Lovis 2000M, Anton
Paar, Austria) at T = (293.15, 298.15, 303.15, 308.15, 313.15 and
318.15) K, and at pressure, p = 101 kPa. The working temperature
was kept controlled to £0.02 K with a built in Peltier thermostat.
The protocol of the instruments was mentioned elsewhere [10].

Results

Experimental data of density, p , ultrasonic speed, u, and
viscosity, n of solutions of [-arginine and [-histidine in water
and in aqueous-betaine hydrochloride solvents as a function of
l-arginine/I-histidine concentration and temperature have been
summarized in tables 2-4, respectively.

Table 2: Densities, p/g cm™ of solutions of /-arginine//-histidine in aqueous-betaine hydrochloride (1% and 2% betaine hydrochloride in water, w/w)
solvents as functions of molality, m of /-arginine//-histidine at temperatures T = (293.15-318.15) K and at pressure, p = 101 kPa.

T/K
m (mol kg?)
293.15 298.15 303.15 308.15 BRSNS 318.15

I-Arginine in 1% aqueous-betaine hydrochloride
0 1.00056 0.999394 0.997998 0.996391 0.994509 0.992419
0.0242 1.001773 1.000606 0.999209 0.997602 0.995722 0.993633
0.0488 1.003007 1.001838 1.000441 0.998834 0.996954 0.994867
0.0741 1.004277 1.003106 1.001708 1.0001 0.99822 0.996134
0.0984 1.005498 1.004325 1.002925 1.001316 0.999435 0.997351
0.1243 1.0068 1.005625 1.004222 1.002612 1.00073 0.998645
0.1496 1.008073 1.006895 1.00549 1.003877 1.001994 0.999908
0.1754 1.009372 1.008192 1.006783 1.005167 1.003283 1.001195
0.1974 1.010481 1.009298 1.007885 1.006266 1.00438 1.002292

I-Arginine in 2% aqueous-betaine hydrochloride
0 1.00258 1.001413 1.000058 0.998411 0.99652 0.994397
0.0249 1.003814 1.002646 1.00129 0.999644 0.997754 0.995633
0.0489 1.005003 1.003833 1.002477 1.000831 0.998942 0.996822
0.0736 1.006226 1.005055 1.003698 1.002052 1.000163 0.998045
0.0993 1.007499 1.006325 1.004968 1.003321 1.001432 0.999314
0.1241 1.008726 1.00755 1.006192 1.004545 1.002656 1.000536
0.1492 1.009968 1.00879 1.00743 1.005782 1.003892 1.001772
0.1726 1.011126 1.009945 1.008584 1.006935 1.005043 1.002922
0.1975 1.012358 1.011175 1.009811 1.008162 1.006267 1.004144

I-Histidine in 1% aqueous-betaine hydrochloride
0 ‘ 1.00056 0.999394 0.997998 0.996391 0.994509 0.992419
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0.0261 1.002044 1.000873 0.999473 0.997863 0.995979 0.993887
0.05 1.003409 1.002233 1.000829 0.999215 0.997327 0.995233
0.0743 1.004803 1.003621 1.002211 1.000592 0.998701 0.996604
0.1003 1.0063 1.005111 1.003694 1.00207 1.000173 0.998072
0.1241 1.007677 1.00648 1.005057 1.003426 1.001525 0.999417
0.1489 1.009117 1.007913 1.006481 1.004843 1.002935 1.00082
0.1723 1.010482 1.009268 1.007829 1.006183 1.004268 1.002146
0.2001 1.01211 1.010885 1.009436 1.007778 1.005854 1.003723
I-Histidine in 2% aqueous-betaine hydrochloride

0 1.00258 1.001413 1.000058 0.998411 0.99652 0.994397
0.0246 1.00397 1.002799 1.00144 0.99979 0.997897 0.995772
0.0498 1.005399 1.004223 1.00286 1.001207 0.99931 0.997183
0.0749 1.006828 1.005647 1.004279 1.002621 1.00072 0.99859
0.1 1.008263 1.007075 1.005702 1.004039 1.002133 0.999998
0.1251 1.009703 1.008508 1.007131 1.005462 1.003548 1.001408
0.15 1.011137 1.009935 1.008551 1.006876 1.004955 1.002808
0.1724 1.012432 1.011223 1.009832 1.008151 1.006224 1.004068
0.1976 1.013893 1.012678 1.011278 1.009589 1.007652 1.005488

Table 3: Ultrasonic speeds, u/m s of solutions of /-arginine//-histidine in aqueous-betaine hydrochloride (1% and 2% betaine hydrochloride in
water, w/w) solvents as functions of molality, m of /-arginine//-histidine at temperatures T = (293.15-318.15) K and at pressure, p = 101 kPa.

T/K
m (mol kg?)
293.15 298.15 303.15 308.15 313.15 318.15
I-Arginine in 1% aqueous-betaine hydrochloride

1488.9 1502.81 1514.64 1525.61 1534.5 1542.04
0.0242 1491.62 1505.49 1517.27 1528.18 1537 1544.47
0.0488 1494.14 1507.98 1519.69 1530.55 1539.28 1546.66
0.0741 1496.49 1510.27 1521.93 1532.69 1541.34 1548.62
0.0984 1498.49 1512.23 1523.79 1534.49 1543.03 1550.2
0.1243 1500.35 1514.03 1525.51 1536.1 1544.5 1551.58
0.1496 1501.9 1515.52 1526.88 1537.37 1545.64 1552.58
0.1754 1503.2 1516.72 1527.96 1538.33 1546.45 1553.28
0.1974 1504.02 1517.49 1528.63 1538.91 1546.87 1553.55

I-Arginine in 2% aqueous-betaine hydrochloride

1493.69 1507.75 1519.65 1529.92 1538.81 1545.54
0.0249 1496.4 1510.43 1522.29 1532.5 1541.33 1547.99
0.0489 1498.8 1512.8 1524.61 1534.77 1543.53 1550.11
0.0736 1501.05 1515 1526.76 1536.86 1545.54 1552.04
0.0993 1503.15 1517.05 1528.74 1538.77 1547.37 1553.77
0.1241 1504.93 1518.79 1530.4 1540.35 1548.85 1555.16
0.1492 1506.48 1520.29 1531.85 1541.72 1550.1 1556.3
0.1726 1507.7 1521.45 1532.95 1542.73 1551.02 1557.1
0.1975 1508.75 1522.43 1533.88 1543.53 1551.7 1557.65

I-Histidine in 1% aqueous-betaine hydrochloride
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0 1488.9 1502.81 1514.64 1525.61 1534.5 1542.04
0.0261 1491.68 1505.56 1517.35 1528.26 1537.09 1544.56
0.05 1494 1507.82 1519.55 1530.42 1539.16 1546.56
0.0743 1496.1 1509.87 1521.52 1532.32 1540.97 1548.28
0.1003 1498.1 1511.76 1523.32 1534.03 1542.57 1549.75
0.1241 1499.65 1513.21 1524.68 1535.27 1543.69 1550.76
0.1489 1501.02 1514.44 1525.83 1536.3 1544.55 1551.47
0.1723 1502.05 1515.34 1526.63 1536.95 1545.04 1551.84
0.2001 1502.97 1516.11 1527.22 1537.37 1545.27 1551.87

I-Histidine in 2% aqueous-betaine hydrochloride

0 1493.69 1507.75 1519.65 1529.92 1538.81 1545.54
0.0246 1496.25 1510.28 1522.13 1532.35 1541.18 1547.84
0.0498 1498.6 1512.57 1524.37 1534.5 1543.26 1549.83
0.0749 1500.63 1514.55 1526.26 1536.3 1544.97 1551.46

0.1 1502.36 1516.21 1527.8 1537.76 1546.32 1552.71
0.1251 1503.78 1517.54 1529.02 1538.85 1547.32 1553.58

0.15 1504.88 1518.53 1529.9 1539.6 1547.94 1554.07
0.1724 1505.6 1519.16 1530.37 1539.92 1548.16 1554.17
0.1976 1506.1 1519.48 1530.6 1540 1548.07 1553.93

Table 4: Viscosities, 10%/N-s-m of solutions of /-arginine//-histidine in aqueous-betaine hydrochloride (1% and 2% betaine hydrochloride in water,
w/w) solvents as functions of molality, m of /-arginine//-histidine at temperatures T = (293.15-318.15) K and at pressure, p = 101 kPa.

T/K
m (mol kg!)
293.15 298.15 303.15 308.15 BIiBS 318.15
I- Arginine in 1% aqueous-betaine hydrochloride
0 1.0072 0.9019 0.8088 0.7284 0.6618 0.6059
0.0242 1.0191 0.9122 0.8177 0.7362 0.6687 0.6121
0.0488 1.0305 0.9221 0.8262 0.7434 0.6748 0.6173
0.0741 1.0423 0.932 0.8347 0.7505 0.6808 0.6224
0.0984 1.0536 0.9416 0.8427 0.7573 0.6865 0.6271
0.1243 1.0657 0.9517 0.8512 0.7644 0.6924 0.6321
0.1496 1.0774 0.9618 0.8595 0.7713 0.6982 0.6369
0.1754 1.0894 0.9719 0.8679 0.7784 0.7041 0.6418
0.1974 1.0996 0.9804 0.8751 0.7843 0.709 0.6459
I-Arginine in 2% aqueous-betaine hydrochloride

0 1.0195 0.9135 0.8203 0.7388 0.6714 0.6152
0.0249 1.0306 0.923 0.8285 0.7459 0.6776 0.6207
0.0489 1.042 0.9326 0.8364 0.7525 0.6832 0.6254
0.0736 1.0539 0.9426 0.8448 0.7595 0.6891 0.6303
0.0993 1.0662 0.9529 0.8534 0.7668 0.6952 0.6355
0.1241 1.078 0.9629 0.8619 0.7739 0.7011 0.6404
0.1492 1.0899 0.973 0.8705 0.7811 0.7071 0.6454

0.1726 1.1012 0.9826 0.8785 0.7876 0.7126 0.65
0.1975 1.1133 0.9929 0.887 0.7949 0.7186 0.6549
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I-Histidine in 1% aqueous-betaine hydrochloride
0 1.0072 0.9019 0.8088 0.7284 0.6618 0.6059
0.0261 1.0191 0.9121 0.8176 0.7361 0.6686 0.612
0.05 1.0308 0.9219 0.8257 0.7428 0.6741 0.6164
0.0743 1.0428 0.9318 0.8339 0.7495 0.6794 0.6206
0.1003 1.0559 0.9425 0.8426 0.7565 0.6849 0.6249
0.1241 1.0682 0.9525 0.8506 0.7629 0.6899 0.6287
0.1489 1.0807 0.9628 0.8588 0.7694 0.6951 0.6327
0.1723 1.0927 0.9726 0.8667 0.7756 0.7 0.6365
0.2001 1.107 0.9842 0.876 0.7828 0.7057 0.6408
[-Histidine in 2% aqueous-betaine hydrochloride

0 1.0195 0.9135 0.8203 0.7388 0.6714 0.6152
0.0246 1.0302 0.9226 0.8281 0.7455 0.6773 0.6205
0.0498 1.0428 0.9332 0.8368 0.7527 0.6832 0.6252
0.0749 1.0554 0.9438 0.8454 0.7596 0.6888 0.6296
0.1 1.0685 0.9545 0.8539 0.7665 0.6942 0.6338
0.1251 1.0817 0.9652 0.8627 0.7734 0.6997 0.6381
0.15 1.0948 0.9758 0.8713 0.7803 0.7051 0.6422
0.1724 1.1067 0.9855 0.8792 0.7864 0.7099 0.6459
0.1976 1.1202 0.9966 0.888 0.7934 0.7153 0.6501

Apparent Molar Volume and Compressibility

Apparent molar volume is crucial in the sense that it manifests
the behavior of solutes in solution with the change in solution. It
is actually the measure of packing of amino acid molecules into
the solvent molecules. The calculated values of Vv f quantitatively
express the interaction of drug with its environment and therefore
give a vivid depiction of the monomer structural changes. The
calculated values of densities of solution were used to calculate
apparent molar volume, V. of solute using the Eq. (1). Apparent
molar compressibility, ¥ = can be calculated using Eq. (2) from
measured values of ultrasonlc speed as

1000 -
y, 100(p,p) M (1)
mpp, p
1000( & —k°
v, = (kp, — k. p)+ KM @
mpp, P

Besides, ultrasonic speed is related to k_ and ki , which are
the isentropic compression, by the Laplace Newton’s equation

K :__LaV) __1 3)
’ oP ), u’p

It is also essential for safe equipment design. Isentropic
compression always decreases with increase in concentration.
The decrease in density is not able to compensate the ultrasonic
speed caused by rise in temperature. Figures 1-4 shows

concentration dependence of V, and K , for all the systems
studied. The figures show a linear variation of v, and K, against
molality throughout the whole concentration range and at each

investigated temperature.

Limiting Apparent Molar Volume and Compressibility

A valuable empirical generalization on the change of V, and
K, with molal concentration is given by Masson’s [14] equation.
ln the present research work, the involved solvent (aqueous-
betaine hydrochloride) is treated as 1:1 electrolyte. The calculated
\A and K, , data were fitted using method of least squares into the
Masson [14] equation to get the values of limiting apparent molar
volume, vy limiting apparent molar compressibility, Kﬁ¢ and the
slopes, S, and Sk for these solutions

V=V, +8m (4)
_ po
K, =K’ +Sm 5)
where the intercepts, e or ko are the partial molar

properties at infinite dilution. ‘At 1nf1n1te dilution, m tends to zero,
each solute molecule is only surrounded by solvent molecules and
there becomes a wide gap between solute molecules, solute-solute
interactions vanish, vy and K, becomes equal to /s and &, ,
respectively. Tables 5 & 6 contains the values of po, S K S

and standard deviations of linear regression, o for all the systems
at all the studied temperatures.
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Figure 1: Variations of apparent molar volume, Yy  vs. molality, m of |-histidine in (a) 1% betaine hydrochloride + water and (b) 2% betaine
hydrochloride + water at temperatures, T/K = 293.15, ¢; T/K = 298.15, m; T/K = 303.15, A; T/K=308.15, o; T/K = 313.15, o; T/K = 318.15,
A. The points represent experimental values and lines represent values calculated from Eq. (4).
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Figure 2: Variations of apparent molar volume, V. vs. molality, m of l-arginine in (a) 1% betaine hydrochloride + water and (b) 2% betaine
hydrochloride + water at temperatures, T/K = 293.15, ¢; T/K = 298.15, m; T/K = 303.15, A; T/K = 308.15, o; T/K = 313.15, o; T/K = 318.15,
A. The points represent experimental values and lines represent values calculated from Eq. (4).
\ J

0072 How to cite this article: Jyoti G, Dinesh C, Anil Kumar N. Insight into Interactions of /-Arginine/I-Histidine with Drug Betaine Hydrochloride in Aqueous Medium
at Different Temperatures by using Physicochemical Methods. Organic & Medicinal Chem IJ. 2020; 9(3): 555763. DOI: 10.19080/0MCIJ.2020.09.555763


http://dx.doi.org/10.19080/OMCIJ.2020.09.555763

Organic and Medicinal Chemistry International Journal

e N

-70

EIETE (@)

S

i

;Z -8.0 -

g

Y5100 b

=

S 110 b
120 . . . . .

0.00 0.04 0.08 042 0.16 0.20 024

-65

-10.5 ¢

108K 4 .."[rﬂs N-L mul‘lj
\

-11.5 n n n n L
0.00 004 0.08 012 0.16 020 024

m/(mol kg)

Figure 3: Variations of apparent molar compressibility, K, vs. molality, m of I-histidine in (a) 1% betaine hydrochloride + water and (b) 2%
betaine hydrochloride + water at temperatures, T/K = 293.’?5, ¢; T/IK=298.15, m; T/K = 303.15, A; T/K =308.15, o; T/K = 313.15, o; T/IK =
318.15, A. The points represent experimental values and lines represent values calculated from Eq. (5).

-6.9
74k
=79 r

-84 +

-85

94

-85 r

-10.4

-109
L L L L L

-11.4

100 K, ,."[rnsN‘l mol‘lj

-70

75T ()
_8_2 .
_SB .
_9.4, .

-10.0

101 K, f(mBN-L mel-!)

-106

-11.2 L L L L L
0.00 0.04 0.08 0.12 0.16 0.20 0.24

m, (mol kg™1)

Figure 4: Variations of apparent molar compressibility, X,, vs. molality, m of l-arginine in (a) 1% betaine hydrochloride + water and (b) 2%
betaine hydrochloride + water at temperatures, T/K = 293.15, ¢; T/K = 298.15, m; T/K = 303.15, A; T/K = 308.15, o; T/K = 313.15, 0; T/K =
318.15, A. The points represent experimental values and lines represent values calculated from Eq. (5).
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Table 5: Limiting apparent molar volume, V,’, slope, S,, transfer volume, V,,, and standard deviations of linear regression, o for

I-arginine/I-histidine in water and in aqueous-betaine hydrochloride (1% and 2% betaine hydrochloride in water, w/w) solutions at temperatures, T

= (293.15-318.15) K.

T/K
Property
293.15 298.15 303.15 308.15 313.15 318.15
[ -Arginine in water [13]
10V, /(m*mol ™) 123.564 123.72 123.864 123.99 124.104 124.207
100 -o for Eq. (4) 0.3168 0.6165 0.4047 0.3515 0.5183 0.4249
106 S / (m*molkg") -7.635 -7.599 -7.553 -7.485 -7.267 -7.041
v
I-Arginine in 1% aqueous-betaine hydrochloride
106 V; /(m*mol™) 124.051 124.183 124.3 124.396 124.478 124.547
100 - o for Eq. (4) 0.1288 0.4943 0.6138 0.4674 0.4073 0.5335
106 SV /(m*mol-kg?) -6.924 -6.72 -6.394 -5.983 -5.583 -5.212
106- V;” /(m>mol™) 0.4868 0.4631 0.4363 0.4066 0.3747 0.34
[ -Arginine in 2% aqueous-betaine hydrochloride
106- V; /(m*mol™) 124.44 124.571 124.688 124.783 124.867 124.937
100 - o for Eq. (4) 0.2324 0.5735 0.3544 0.3347 0.3443 0.5308
106- S, /(m*mol™kg") -5.792 -5.582 -5.473 -5.263 -4.9 -4.464
106 V;tr /(m*mol™) 0.8765 0.8505 0.824 0.7933 0.7629 0.7301
[ -Histidine in water [13]
o 98.065 98.301 98.524 98.732 98.92 99.091
10%"¢ /(m*mol?)
100 - o for Eq. (4) 0.3905 0.7292 0.4389 0.4973 0.4046 0.5672
105 § /(m*mol-kg") -16.884 -17.023 -16.896 -16.921 -16.637 -16.203
[ -Histidine in 1% aqueous-betaine hydrochloride
ye 98.402 98.615 98.809 98.984 99.135 99.266
0% ¥4 /(m*mol?)
100 - o for Eq. (4) 0.3377 0.3241 0.3675 0.4441 0.5753 0.5931
-10.493 -9.845 -9.182 -8.483 -7.792 -6.986
105§ /(m*mol™kg?)
0.3377 0.3137 0.2847 0.252 0.2155 0.1756
106 V;[r /(m3mol?)
[ -Histidine in 2% aqueous-betaine hydrochloride
o 98.656 98.866 99.063 99.237 99.389 99.519
10> V' /(m3-mol-1)
100 - o for Eq. (4) 0.2871 0.4069 0.4335 0.5284 0.3051 0.4948
S -9.853 -9.408 -9.017 -8.474 -7.647 -6.816
10° ©y / (m*mol™kg?)
ve 0.5917 0.5652 0.5385 0.505 0.469 0.4282
106 " / (m*mol?)
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The vy values can be considered to be a sum of the geometric
volume of the solute molecule and changes in the solvent occurred
while it interacts with the solute molecule. It can also be assessed
as the actual measurement of the size of hydrated solute molecule
in solution creating a gap among themselves and adjacent solvent
molecules [15]. Solute-solvent interactions were witnessed from
the positive y; values (Table 5) in all these systems and negative
S, values indicate weak solute-solute interactions for [-arginine
and [-histidine in aqueous and aqueous-betaine hydrochloride
solutions. There is an irregular variation in § values, but these
values demonstrate that several effects [16] influence the solute-
solute interactions exist in the solution.

The negative § values can be interpreted in terms of a
negative volume change caused by the overlap of hydration co-
spheres of both the amino acids and drug molecules. It proves
that the solvation layer formed around the molecules at infinite
dilution is voluminous. The trends observed in V; values may
be due to the hydration behavior [17,18] of solute and may be
explained as

a) the terminal groups of zwitterions NH," and COO" of
amino acids were hydrated in electrostatic manner whereas,
hydration of R group depends on its nature (hydrophilic,
hydrophobic or amphiphilic); the vy values increase due to drop
in the electrostriction at terminals, whereas it declines due to
interruption of side group hydration by that of the charged end.;

Table 6: Limiting apparent molar compressibility, k,,

b) COO group has 10 times smaller electrostriction than
NH,* group; and

c) volume change ensues as the hydration co-spheres of
terminal NH," and COO" groups and adjacent groups overlay.

Furthermore, these Ve values increase with increase in
temperature showing that the structure equilibrium imparted to
water by the hydrophobic chain is temperature labile. This further
supports the hypothesis that self-association of solute reduces
solvation effects characteristic of monomeric compound. This
increase proves that the structure of solvent is reinforced to a
lesser degree due to the formation of solute-solute agglomerate
which is majorly caused by the decrease of surface contact
between solute and solvent.

The analysis here offered, shows that, for all the amino acids
under consideration, the values of peincrease with increase in
concentration of the drug in a predictable manner. The more
heavily hydrated molecule hasless ¢ than those molecules which
are not densely hydrated. This peroration is also found to be valid
as the intermolecular interactions between betaine hydrochloride
and amino acids result in a much simpler establishment of
relatively small hydrophobic character. As a result, there is
expansion of the solution. Comparable trends in v, were also
reported by Sawhney et al. [19] for [-arginine in aqueous solutions
of drug ketorolac tromethamine.

slope, Sk, transfer compressibility, K4 and standard deviations of linear regression, o

for l-arginine//-histidine in water and in aqueous-betaine hydrochloride (1% and 2% betaine hydrochloride, w/w) solutions at temperatures, T =

(293.15-318.15) K.

T/K
Property
293.15 298.15 303.15 308.15 313.15 318.15
I-Arginine in water [13]

10 K¢, /(m*N1mol) -12.147 -11.796 -11.469 -11.16 -10.875 -10.61
100 - o for Eq. (5) 0.4442 0.2967 0.4351 0.4504 0.4054 0.3674
10§, /(m*N"*mol'kg") 13.976 14.19 13.944 14.001 13.994 14.024

[ -Arginine in 1% aqueous-betaine hydrochloride
10" K, /(m*N-mol") -11.587 -11.254 -10.953 -10.67 -10.416 -10.186
100 - o for Eq. (5) 0.4989 0.4555 0.6362 0.7194 0.8025 0.5655
10" S, /(m*N*mol-kg?) 13.432 13.322 13.5 13.633 13.996 14.245
101 K°,, /(m>N-"mol") 0.5604 0.5416 0.5158 0.4899 0.4594 0.4242

[ -Arginine in 2% aqueous-betaine hydrochloride
10 K?, /(m*N--mol) -11.165 -10.857 -10.578 -10.322 -10.094 -9.892
100 - o for Eq. (5) 0.2207 0.2956 0.5657 0.4438 0.3 0.2709
1015, /(m™N"molkg") 12.31 12.224 12.182 12.211 12.424 12.646
101 K2, /(m>N--mol) 0.9826 0.9388 0.891 0.838 0.7815 0.7173
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[-Histidine in water [13]

1011 K2, /(SN emol ) -12.34 -11.986 -11.657 -11.352 -11.07 -10.813
100 - o for Eq. (5) 0.3604 0.532 0.5757 0.3579 0.5998 0.597
1011-5, /(meN-molkg") 15.691 15.849 15.738 15.543 15.466 15.333
[ -Histidine in 1% aqueous-betaine hydrochloride
o -11.868 -11.554 -11.266 -11.003 -10.768 -10.558
10" K7y /(m®N"'mol ™)
100 - o for Eq. (5) 0.5804 0.4825 0.7513 0.729 0.4039 0.5051
10:5, /(meN--mol-+kg) 13.304 13.877 14.205 14.633 15.243 15.762
100 k2, /(m*N*mol) 0.4708 0.4319 0.3911 0.3493 0.3025 0.2554
[ -Histidine in 2% aqueous-betaine hydrochloride
K° -11.565 -11.248 -10.955 -10.692 -10.457 -10.248
101 Rsp /(mS>N1-mol™)
100 - o for Eq. (5) 0.5635 0.6242 0.7001 0.4145 0.3668 0.3143
S 14.878 15.157 15.551 15.983 16.322 16.688
1011. k /(mS.N-l.mol-l.kg-l)
K° 0.7743 0.7381 0.7017 0.6602 0.6135 0.5653
101 P /(m>N-1-mol?)

The negative values of K’ (Table 6) shows the piercing of water structure in aqueous drug solution and also in water and also that

the water molecules in the bulk solution are more compressible than the water molecules around ionic charged groups of amino acids

[20,21]. Interactions between drug and amino acid molecules is
likely to create a polar environment, which helps in increasing the
hydrophobic interactions aroused due to stabilizing the simpler
model compounds of proteins.

This can also be thought of the consequence of higher
resistance to pressure of the structured water in comparison to
the water molecules of the bulk. The observed negative values
(Table 6) of Ky, are due to the net combined effect of a foreseen
possible interactions/ processes in the binary as well as ternary
mixtures. The values of K?, for all the solutions, obtained using
Eq. (5) are presented, at various temperatures, in Figures 3 & 4,
shows that the K{,values become more negative with decrease
in concentration of the drug at a particular temperature as well
as with increase in complexity of amino acids, resulting strong
attractive interactions between solute and solvent interactions.

The negative values of K7, may be analyzed by the idea of
two diverse phenomena i.e. electrostriction and hydrophobic
solvation. Since the solute (amino acid) has an intrinsic volume
and is observed as incompressible [22], the changes observed
come from the relative changes in hydration layer so higher (less
positive) K, values for [-histidine suggest that R group are more
able, as compared to I-arginine, to form the denser, compressible
hydration layer that leads to large and negative compressions. The
iceberg analogy for describing hydrophobic hydration seems to be

appropriate.

In both situations, i.e.in ice as well as in hydrophobic hydration
sphere, water is voluminous but less compressible. The negative
valuesof K? s (loss of compressibility of medium) may be attributed
to an overall constriction in the solution volumes, caused by
releasing some hydrophobically hydrated water molecules around
drug molecule into the bulk water. Hydrophobically hydrated
water is known to be an ice-like structure having greater volume
but less compression than ordinary water [23]. So, when they are
released into normal bulk water structure, their volume decreases
and compressibility increase with increase in temperature. The
complete knowledge of effect of temperature on the expansion
of liquid is necessary for equipment design. When amino acids
(solute) gets dissolved in a solvent, the ions present are hydrated
to form hydration shell, which would cause re-structuring of water
molecules around the shells that would cause a disturbance in the
original hydrogen bond network in pure liquid water.

The K¢, values show a very small dependence on temperature.
Also, it varies linearly with rise in temperature which may be due
to the decrease in the extent of structuring of water with increase
in temperature. Increase in temperature witnesses less negative
values of K, The less sensitivity of g© values to temperature
is understandable as they reflect not oﬁiy the volume itself but
also the change in volume with pressure, though the latter is
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not expected to be influenced from temperature as much as
the volume itself. According to the intuition, bonds loosen, and
intermolecular distances increase, as the temperature increases,
leading to higher compressibility of solvent. Similar trends are
observed in literature [24,25].

Transfer Volume and Compressibility

With the aim of assembling more facts about chemistry
behind the various solute-solute and solute-solvent interactions,
transfer functions specially in water and D,0 solvent systems
have proven to be very useful tool as it eliminates solid or
gaseous state as a reference for the thermodynamic functions.
Most of the electrostatic type of interactions are believed to be
largely cancelled in calculating transfer properties because of
the similarity of two solvents. Therefore the transfer volumes,
V;,r and transfer compressibilities, K, are calculated from V;
and K§¢ data of I-arginine and [-histidine from water to aqueous-
betaine hydrochloride solutions at infinite dilution by using the
mathematical relations

o __qy/0 _rpe
V;ﬁ,tr - I/¢§,aq.—betaim/;‘—hydl‘ochloride I/(ﬁ,water (6)
o _po _po
Ks,()ﬁ,tr - Ks4¢,aq.7betainefhydrachloride KS,¢,water (7)
o R
where po and Kw’wam are the limiting apparent molar

water

volume and f’fmiting apparent molar isentropic compressibility
of amino acids in water. The worked-out values of ¥ and
K{,, for l-arginine and [-histidine from water to aqueous
betaine hydrochloride solutions are collected in tables 5 and 6,
respectively. As the transfer is carried out at infinite dilution, 7,
and K¢,
solvent interactions in two solvents. The plus point of calculating
Vi and K7, = rather than V;” andK;, values respectively enables

insights to be extended on the effects of solvent properties and
removes the dominating effect of the intrinsic size of the ions.

reflects merely differences between the mutual ion-

The positive values of Vaf,, for all the systems at all
investigated temperatures are reported in Table 5. The increase
in volume of solution in presence of amino acid molecules leads
to positive values of ¥, . To infer this behavior, all interactions
in ternary system must be studied. This is due to the fact that
amino acids under study, i.e., [-arginine and /-histidine induce a
considerable contraction in volume of the peripheral solvent
because of electrostriction. This electro strictive effect of amino
acids is diminished. A high/;, explores better packing features,
hence greater interaction with drug and amino acids. These
positive values of transfer may be validated based on ecosphere
overlap model [26] developed by Friedman and Krishnan.

Generally, the following types of interactions in the ternary
system may be assumed [27-29] and the expansion volume
or effects of shrinkage of solute-solute interactions can be
interpreted:

a) lon-ioninteractions among [(CH,),NCH,COOH]* group of
betaine hydrochloride and COO- group of amino acids or may be

among CI ion of betaine hydrochloride and NH," group of amino
acids;

b)  The ion/hydrophilic-hydrophilic interactions between
ionic groups of betaine hydrochloride and zwitterions of amino
acids;

c)  Hydrophilic-hydrophobic group interaction between the
hydrophilic groups of betaine hydrochloride molecule and non-
polar (-CH2) inside chain of amino acids;

d) Hydrophobic-hydrophobic group interactions between
the carbon skeleton of betaine hydrochloride and non-polar
(-CH2) inside chain of amino acids.

Amino acids exist predominantly as zwitterions in pure
water. Additionally, betaine hydrochloride ionises to give
[(CH,),NCH,COOH]" and CI' [7], and amino acids in the present
study are basic in nature, therefore the interaction of betaine
hydrochloride with solute (amino acids) is essentially driven by the
interactions of the drug with the polar headgroups of amino acids
via hydrogen bonds and hydrophobic forces, especially in the case
of the zwitterionic species. The ¥, values can also be justified on
the basis of co-sphere overlap model. In view of the above said
model, it has been claimed that in type (b) and (c) interactions,
hydration co-sphere overlap occurs as two molecules come close
to each other in aqueous solution, resulting in displacement of co-
sphere overlap stuff by alteration in its thermodynamic properties
making a negative contribution to the transfer volume.

However, ion/hydrophilic-hydrophilic interaction leads
to a positive influence on the transfer volume because the
electrostriction effect ease due to hydrophilic-ionic interactions
and overlapping of their hydration co-spheres leads to
enhancement of water structure due to its release from bound
state to bulk. This further reinforces the contention that
hydrophilic-ionic interactions dominates over other interactions,
rendering positive ¥, values. This seem to support the view that
all the compounds in the present study overwhelmingly disturb
the structure of water resulting in voluminous hydration spheres.
The solutes (amino acids) are not cubical objects so cannot be

placed side by side to completely fill the space.

In order to obtain the detailed structural characterization
about the solvation spheres, it is noteworthy to supplement the
volumetric data along with compressibility measurements. The
positive K7, values (Table 6) shows existence of strong solute-
solvent interactions, resulting in decrease in compressibility of
solutions. From the rendering of data included in Table 6, it is
witnessed that K7, ,
in concentration of betaine hydrochloride. The depressing trend
in values with decreasing concentration, infers that due to strong
solute-solvent interactions, readjustment in solution continues in
the direction of closer packing of molecules or less compressible

phase [30].

values are positive and surge with upsurge
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Negative values of K, representthe disruption of hydration
sphere of charged center of co-solute due to enhancement in type
(c) and (d) interactions [31]. In substances having large polar
surfaces, hydrophobic hydration is the major form of solute-
solvent interactions. This is known as structurally enhanced
water or stiffened water, formed when the molecules rearrange
in an organized fashion having strong hydrogen bonds between
them which is found to be less compressible than bulk water.
The overlay of hydration co-spheres of two ionic species results
in higher volume as some electro stricted water molecules come
back to the bulk water with a greater volume contribution than
electro stricted water molecules which also coincides with the
above discussion on V), .

Furthermore, it has been shown that the values of V;{r and
K?,, in 1% aqueous-betaine hydrochloride solution are smaller
than those in 2% aqueous-betaine hydrochloride solution. In
this opinion we want to signalize that the calculations obtained
from the experimental data suggest that in 2% aqueous-betaine
hydrochloride solution the binding forces among solute and solvent
becomes robust and a strong molecular interaction exists between
amino acid and solvent molecules. When the concentration of drug
increases, the solute-solvent interactions are to be present and
there seem to be an exclusion of water molecules from solvation
spheres. Also, the lower values in case of 1% aqueous-betaine
hydrochloride solution can be explained by the fact that the amino
acid residues are not completely hydrophobically hydrated. They

do not completely fit to the structure of water but disturbs it or
remain partially dehydrated results in the contraction in volume
thereby causing lower values of vy, and K?,, at lower drug
concentrations.

Analysis of Viscosity Data

The relative viscosity data has been analyzed and interpreted
in terms of the rearranged Jones-Dole equation. The viscosity
of a non-electrolytic solution or a dipolar ion can be related to
viscosity of solvent (aqueous-betaine hydrochloride) by Eq. (8).
The dependence of viscosity on molalities of investigated solutions
can be manifested through Jones-Dole equation [32] of the form

n, =L =1+ Am" + Bm (8)
m,
where nrrepresents the relative viscosity of the solution, m is
the molal concentration (mol-kg?) of amino acids under study and
A and B are the Falkenhagen [33,34] and Jones-Dole coefficients,
respectively. These values are valuable since they form the basis
for apprehending molecular interactions. The intercept A gives
pivotal information regarding solute-solute interactions [35].
The coefficient B is known to be the real hydrodynamic volume of
the solvated ion/solute which is administered by the ion-solvent
interactions, i.e., the structure of the solvent in the solution
[33,34,36].
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Figure 5: Variations of [9(77,. —1)/m1/2;vs.ml/2 of Il-histidine in, (a) 1% betaine hydrochloride + water and (b) 2% betaine hydrochloride + water
at temperatures, T/K = 293.15, ¢; T/K =298.15, m; T/K =303.15, A; T/K=308.15, ¢; T/K = 313.15, o; T/K = 318.15, A. The points represent
experimental values and lines represent values calculated from Eq. (8).
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experimental values and lines represent values calculated from Eq. (8).

J

Table 7: Falkenhagen coefficient, A, Jones-Dole coefficient, B, standard deviations of linear regression, o, free energies of activation of viscous
flow per mole of solvent, A,ul"# , and per mole of solute, A,uzo# for / -arginine/ I -histidine in water and aqueous-betaine hydrochloride (1% and 2 %

betaine hydrochloride in water, w/w) solvents at different temperatures.

T/K
Property
293.15 298.15 303.15 308.15 313.15 318.15
[ -Arginine in water [13]
A /(kg'/?mol*/?) 0.0133 0.0135 0.0144 0.0156 0.0174 0.0202
B /(kg'mol™) 0.4305 0.4029 0.3724 0.3406 0.3069 0.2718
1000 - o for Eq. (8) 0.375 0.158 0.1932 0.2202 0.2239 0.2139
A,ul"#/(k]-mol'l) 9.29 9.16 9.04 8.93 8.83 8.74
A,u;#/(k]-mol'l) 590.68 561.91 527.77 490.48 4489 403.86
[ -Arginine in 1% aqueous-betaine hydrochloride
A /(kg'/?mol /) 0.0049 0.0073 0.0103 0.0135 0.0173 0.0218
B /(kg'mol™) 0.4532 0.4244 0.3924 0.359 0.3232 0.2859
1000 - o for Eq. (8) 0.3061 0.2614 0.386 0.3435 0.3206 0.2993
Alula#/(k]'mol'l) 9.32 9.21 9.09 8.98 8.88 8.8
Aﬂ;’#/(k]-mol'l) 617.42 587.78 552.21 513.21 469.3 421.75
[ -Arginine in 2% aqueous-betaine hydrochloride
A /(kg?mol*/?) -0.0064 -0.0052 -0.0034 -0.0007 0.0028 0.0067
B /(kg:mol™) 0.4802 0.451 0.4187 0.3849 0.3488 0.3112
1000 - o for Eq. (8) 0.3508 0.2525 0.421 0.5373 0.3981 0.5079
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9.37 9.26 9.15 9.03 8.94 8.85
Ap* /(kmol)
Aﬂ;’#/(k]-mol'l) 649.42 619.94 584.82 546.01 502.57 455.36
[-Histidine in water [13]
A /(kg'/?mol /) 0.0128 0.0159 0.0196 0.0237 0.0285 0.034
B /(kg:mol™) 0.5016 0.4515 0.3975 0.3404 0.2819 0.2204
1000 - o for Eq. (8) 0.1827 0.2944 0.2617 0.1813 0.1473 0.4156
A /(mol) 9.29 9.16 9.04 8.93 8.83 8.74
686.73 628.58 562.78 490.14 413.04 329.15
Apg” /(kmol)
[ -Histidine in 1% aqueous-betaine hydrochloride
A /(kg'/?mol /) -0.0115 -0.0059 0.0009 0.0089 0.0167 0.0255
B /(kg:mol™) 0.52 0.4688 0.4135 0.3549 0.2948 0.2315
1000 - o for Eq. (8) 0.4489 0.2582 0.223 0.5918 0.4354 0.3568
9.32 9.21 9.09 8.98 8.88 8.8
A" /() mol ™)
707.06 648.29 581.42 507.47 428.9 343.17
Apg* /(i mol ™)
[ -Histidine in 2% aqueous-betaine hydrochloride
A /(kg'/?mol /) -0.0183 -0.0127 -0.007 0 0.0079 0.0164
B /(kg:mol™) 0.5398 0.4884 0.4331 0.3745 0.3142 0.2506
1000 - o for Eq. (8) 0.4948 0.3218 0.3327 0.5312 0.6895 0.4707
9.37 9.26 9.15 9.03 8.94 8.85
A’ /(kj-mol ™)
o#t 728.84 670.54 604.68 531.58 453.62 368.45
Apy” /(kJ-mol )

The values of A can also be calculated theoretically but are often
overlooked in case of non-electrolytes because of their very small
magnitude. The parameters A and B have been acquired as the
VS.m1/2

intercept and slope respectively after plotting (n _1)/m1/21
olute-

, which will be conversed in terms of solute-solute and
solvent interactions. The plots were found nearly linear in these
systems (Figures 5 & 6) and the values of A- and B- coefficients
for amino acids in aqueous-betaine hydrochloride along with
the standard deviations of linear regression, ¢ at different
temperatures are reported in Table 7.

The perusal of Table 7 reveals that the values of A-coefficients
are very close to zero while B-coefficients are positive and large.
These observations also indicate a change in viscosity which is
due to the disturbance of cation-anion contact hydration pairs and
not the free water hydrogen network. The viscosity B-coefficient
may be used as a tool to elucidate the solute-solvent interactions
and provide information about the solvation of solute in solution
and their effects on the structure of solvent in the neighborhood
of solvent molecules.

In structured solvents, for example water, a solute, with or
without its primary solvation sheath, can affect the structure
of solvent molecules, even at larger distances. A ‘structure-
building’ solute decreases the average effective temperature of
solvent molecules and leads to high B-coefficient. Viscosity and
temperature have an exponential relationship, therefore a rise
in temperature causes B-coefficient to fall and this behavior has
been used to identify structure-forming solutes. This point out
to the fact that the coefficient B is highly specific property of the
individual solute and is strongly temperature dependent.

The dB/dT values are negative for /-arginine and /-histidine
in these aqueous-betaine hydrochloride solvents. In the present
study, this quantity has been directly interpreted for the evidence
of breaking or enhancement of the solvent structure. That is
significant given that, whatever are the merits of classification;
dB/dT values are widely used to distinguish solutes as structure
breakers or makers as suggested by Tyrell & Kennerley [37], in
their classical treatise. Solute which shows structure making
behaviour are recognized as kosmotropes and chaotropic
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behaviour is shown by structure making solutes [38]. The negative
values of dB/dT shows that amino acids act as structure makers in
aqueous betaine hydrochloride solvents.

Hydration Number

The ultrasonic speed, density and viscosity data also allows
the calculation of hydration numbers. The standard partial molar
volumes V; of amino acids can be articulated as

vy (elect.) =Vy -y (int ) 9

where Vaf (elect.) is the electrostriction volume due to

hydration of I-arginine/[-histidine, V; (int.) is the intrinsic partial
molar volume of the amino acids, calculated using

v} (int.)=(0.7/0.634) V" (cryst.)
where V7 (cryst)=M, / p(cryst.) is the crystal molar

(10)

volume, 0.7 is the packing density for molecules in organic crystals
and 0.634 is the packing density for random packing spheres. The
value of I/:; (int.) for the amino acid can be estimated using Eq.
(10) using Porsi values for [-arginine/l-histidine taken from the
literature [39]. The decrease in volume because of electrostriction
can be related to number of water molecules, n, hydrated to an
amino acid [40]

n, =V, (elect‘)/(lﬁ,‘fe —V;b) (11)

where vy, is the molar volume of bulk water and 7, is the
molar volume of electro stricted water. This model undertakes that
for every water molecule taken from the bulk to the region near
the amino acids, the volume is decreased by (V;e -V, ). According
to Millero et al. [39] the value (v, -5, ==33x10m’mol ™ At 298.15
K. using the value of (¥;.-¥;,) and the values of Ve (elect.) the n,
values estimated from Eq. (11) are listed in Table 8.

Table 8: Hydration number, 7;; for [-arginine/l-histidine in water and aqueous-betaine hydrochloride (1% and 2% betaine hydrochloride in water,
w/w) solvents from volumetric, compressibility and viscometric methods at 298.15 K.

Solvent ‘ I-Arginine I-Histidine
Volumetric method
Water 6.4963 6.9772
1% Aqueous-betaine hydrochloride 6.356 6.8821
2% Aqueous-betaine hydrochloride 6.2386 6.8059
Compressibility method
Water 14.5632 14.798
1% Aqueous-betaine hydrochloride 13.8945 14.2648
2% Aqueous-betaine hydrochloride 13.4041 13.8868
Viscometric method
Water 3.2566 4.593
1% Aqueous-betaine hydrochloride 3.4179 4.7542
2% Aqueous-betaine hydrochloride 3.6204 49396

Further, the properties of hydration sphere formed around
the investigated solutes have also been characterised based on the
method proposed by Millero et al. [39],

n, =K; (elect.)/(lf(;b.KfW) (12)

where, K, is the isothermal compressibility of bulk
water. Value of (l/(;,’b,[(;’%b) is 0.81 x 10112 m® N! mol™. The
electrostriction partial molar isentropic compression Kf P (elect.)
was estimated from the experimentally measured values of Kz¢
using the equation

K, (elect.):KS"#ﬁ -K;, (int.) (13)

where is K§¢ (int,) (isomer) for I-arginine/I-histidine (=
3 x 10 m® mol?! GPa). Since K:J, (int,) is less than 5 x 10® m?
mol ! GPa for ionic crystals and many organic solutes in water. So,
one can assume K (int.) is approx. zero and Eq. (13) becomes

K¢, (elect.)=K¢, (14)

Furthermore, hydration number n, can also be calculated
using the relation

n, =BV} (15)

The hydration numbers, p, at 298.15 K, for [-arginine/I-

histidine in these systems, estimated from Egs. (12) and (15) are
listed in Table 8.

It can be seen that 1, values for the studied amino acids
decreases with increasing concentration of betaine hydrochloride
from volumetric and compressibility studies while it increases
in case of viscometric studies. As we know, water molecules
have a tendency to form tetrahedral structure by forming
strong hydrogen bonds. When ions are in water solution, water
molecules are caged around these ions. In the original tetrahedral
structure of water, one position is taken by ions and only three
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water molecules can be hydrogen bonded which are further
counted as hydration number in its primary shell. Therefore,
water coordination number for these bonded ions will be less than
those for the pure water [24,41].

Further this establishes the fact that the drug has a
dehydrating effect on l-arginine/I-histidine solutions. The greater
drug concentration makes additional drug molecules to take place
of water adjoining amino acid molecules, leading to weakness of
hydration and enrichment of solvation. This indicates the increase
in solute-cosolute interactions. The hydration numbers chiefly
come from the electrostriction effect of the charged end/polar
groups of amino acids on water. This indicates there is a boosted
hydration of amino acids in these solutions, as water is replaced
by the drug, i.e., drug acts as water structure-maker by H-bonding.
These trends in values further support our earlier conclusions
regarding the behaviour of these systems drawn from values of
V¢' Vi Kogr K3y and K:).ahtr'

Thermodynamic Activation Parameters of Viscous Flow

On the basis of Eyring’s transition state theory, the viscosity
data were analyzed for relative viscosity of amino acid solutions
as suggested by Feakins et al. [42,43], using the following equation

H?F—if)+if(Aﬂ§#—Aﬂfﬁ/RT}
1000

where W is the apparent (partial) molar volume of the
solvent (aqueous-betaine hydrochloride) and V? (= V;) is the
limiting apparent (partial) molar volume of the solute at infinite
dilution, respectively and R is the universal gas constant. Eyring
and co-workers [44] calculated the Gibbs energy change of
activation per mole of solvent, A/JIO# using the viscosity relation

. (16)

Au* :RTln(nW/hN) 17

Thus, on rearranging equation (16), Ay¢*, the Gibbs energy
change of activation per mole of the solute can be calculated by

At = At +| BL [10003—(?-7;)} (18)
‘Vlﬂ

Table 7 reports the experimental values of A,uf# and A,Uzg#'

Thus it is clear from the interpretation of data included in
table 7, the Alu;# values for [-arginine and /-histidine in aqueous
and aqueous-betaine hydrochloride solutions, are positive and

much larger than those of Az’ . Also, Samoilov [45] in his work
explained that activation energy parameters of exchange water
nearby are positive for chaotropes while these are negative
for structure breaking ions. This suggests that the interactions
between [-arginine and [-histidine and solvent (aqueous-betaine
hydrochloride) molecules in the ground state are stronger than in
the transition state [34,46].

Henceforth in the transition state, the solvation of the
solvent molecules is more preferred in free energy terms. Also,
the values of 4" and Ag* for these amino acids in aqueous-
betaine hydrochloride solvents are larger than those in water and
these values increase with increase in concentration of betaine
hydrochloride in solution (Table 7). This increase may be due to
association occurring between the solute, water molecules and
hydrotropic agent (betaine hydrochloride) which additionally
supports the occurrence of strong solute-solvent (hydrophilic-
lonic group) interactions in these systems. Theay¢* values
increase with increase in temperature, indicating a pervasiveness
of solute-solvent interaction surge with rise in temperature
making the flow of solute molecules difficult [34,46].

It has been conveyed [34,46], Au)"> A/J]g# for solutes along
with positive viscosity B-coefficients indicates that in ground
state, interactions between amino acids and solvent molecules
are considerably stronger than those in the transition state. This
means that due to cleavage and distortion of the intermolecular
bonds, the development of transition state is much less favoured
in the presence of the drug molecule. Positive values of Aus* and
B-coefficient on the basis of Table 7 indicate that the combined
effect of m bonds and the substituent groups result in overall
disorder in the solvent. Also, positive magnitude intensifies from
l-arginine to [-histidine which further indicates that the disorder
has some relation with substitution. Thus, the observed trends
drawn from Ag2*

2

1 o o
obtained from vy o

values support our previous conclusion as
o
K, KS,, and B values.

To get a better vision into the molecular atmospheres, the
Gibbs energy of activation of viscous flow of solutions, AG®* was
calculated by using the equation [43]

AG" =n A" +n,Apl”

#
The entropies, AS°" and enthalpies, AHD# of activation
have been calculated by linear extrapolation using the following
relation

AG’" = AH" —TAS

(19)

(20)

Table 9: Enthalpies, AHO# and entropies, ASO# of activation of viscous flow for / -arginine/ / -histidine in water and aqueous-betaine

hydrochloride (1% and 2% betaine hydrochloride in water, w/w) solvents.

System AE°* / (k] mol™) ASe* / (K] mol'K) R?
[ -Arginine in water [13] 2792.7 7.4882 0.994
[ -Arginine in 1% aqueous-betaine hydrochloride 2924.6 7.8446 0.993
[ -Arginine in 2% aqueous-betaine hydrochloride 2937.2 7.7786 0.993
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I-Histidine in water [13] 4897.3 14.327 0.996
[ -Histidine in 1% aqueous-betaine hydrochloride 4992.5 14.58 0.996
I -Histidine in 2% aqueous-betaine hydrochloride 4971.1 14.433 0.996

The calculated values of activation parameters
AH°* from the slopes and intercepts of linear fit of AG®* versus
T and the results are recorded in table 9.

AS°# and

The parameter AH o# gives evidence about the structure of
the solute species, whereas AS°” provides signal apropos solute-
solventinteractions [43,44]. The positive values for both enthalpies
of activation AH °” and entropies of activation AS°” of viscous
flow demonstrates that the association process is endothermic in
nature and more energy consuming. Positive AH % reveal that
formation of activated species for viscous flow becomes more
difficult. Moreover, [-arginine-betaine hydrochloride is more
ordered than [-histidine-betaine hydrochloride system as pointed
out by ASO# values.

The sign of AS°* reproduces the field-effect on various
molecular processes ensuing in the liquid. It is interesting to note
that for the amino acids under study, the enthalpies of activation
AH°* and entropies of activation AS°* ofviscous flow are positive
signifying that the formation of the transition state is linked with
solute-solvent bond making in transition state, as a result the
formation of activated complex becomes easier. This remark
submits the bigger size of the ion or the larger structural intricacy
appears to disrupt an otherwise condensed and homogeneous
hydration shell around the amino acid molecules. The results can
be also viewed in terms of the geometrical fit of solute species in
an ordered solvent [15].

The values of AS°" are found to be positive and show a
pronounced decrease as the concentration of drug increases in
the solution, implying that the system is more structured during
the viscous flow than it was in the initial state, henceforward,
indicating the presence of significant solute-solvent interactions
in the systems under investigation.
interactions are thus favourable and the solute molecules assumes
an extended random conformation. These results are in the

Thus, the solute-solvent

accordance of the conclusion drawn from earlier parameters.
Conclusion

The present article reported the densities, p, ultrasonic speed,
u and viscosities, n results of solutions of I-arginine/I-histidine
in aqueous-betaine hydrochloride solvents. Based on these
experimentally measured data, the nature of interactions has been
assessed by calculating various volumetric, thermo-acoustical
and viscometric parameters, viz., V;, ;tr, So’¢, So’q),tr,
hydrsation number, Ny, Falkenhagen coefficient, 4, Jones-Dole
coefficient, B, Aﬂf#' A,u;# and dB/dT as functions of concentration
and temperature. From the analysis of results, it may be concluded
that there exist strong interactions between solute and solvent
molecules in these systems, which increase with increase in

betaine hydrochloride concentration. These amino acids act as
structure makers in aqueous betaine hydrochloride solvents.
If these results hold up to further investigation, interesting
perceptions about hydrophilic hydration may result. The present
thermodynamic study, i.e., thermodynamic and physico-chemical
behaviour of the investigated systems plays a very significant role
in medicinal and pharmaceutical chemistry.
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